Resistive anomalies in helical antiferromagnets are shown to reflect the temperature dependence of the specific heat sufficiently close to the Neel temperature. The temperature dependence of superzone energy gaps does not enter. Numerical analysis of electrical-resistance data for a helical antiferromagnet, dysprosium, provides quantitative support for theoretical estimates of critical exponents and amplitude ratios obtained by renormalization-group e expansions and by field-theoretical methods and suggests that dysprosium is described by a model whose order parameter has n =4 degrees of freedom.
I. INTRODUCTION
There has been a great deal of interest in resistive anomalies at magnetic critical points following the realization that qqasielastic electronic scattering cross sections contain information about the same spinfluctuation correlation function which determines the temperature dependence of equilibrium properties, such as the internal energy, at the critical point. For example, based on an approximate treatment of the de Gennes-Friedel model, ' the contribution to the total resistivity in the p, th crystallographic direction from itinerant electrons weakly scattering from a set of localized spins (S it I located at lattice points (R(, when normalized to the high-temperature spindisorder limit, is given for T & T, by = $P, ", (R) I'(R, T) Po where I'(R, T) = (S-"So)/S(S+I) and P, "i(R) is an electronic coherence factor with a finite length scale fixed by the electronic mean-free path, ' I, Fisher and Langer2 concluded that dp" ( T)/dT -r for t 0+ in ferromagnets. A similar conclusion was reached by Mannari4 by somewhat different reasoning. This conclusion has been generalized to anisotropic ferromagnets and to the ordered state for t 0 -for both isotropic ' and anisotropic' ferromagnets. It is generally believed that theory and experiment are in reasonable agreement for ferromagnets although there are cases where more detailed analysis is desirable.
The case of antiferromagnets and helical antiferromagnets, such as occur in the heavy rare-earth metals, has been more problematic. This consequently applies also to the purely electronic coherence function @~j(R) in Eq. (1). Having taken account of the average part of the perturbation, the electrons are then considered to scatter only from deviations from this average so that 1'( R T) ((S-"-(S a) ) (S-, -(S-, ) )) is also to be used in Eq. (1). This line of reasoning is valid for some purposes at temperatures below T~but must fail very near TN as it is based on the assumption that the action of the localized spin system on the electronic subsystem is dominated by the mean field (S-").
Since the relevant time scales of the electrons are not longer than those of the localized spin system, such a picture can be useful only if the localized spin system itself is well described by mean-field theory, i.e. , outside the critical region. For T = T&, it is the fluctuating part of the spin field which has the dominating influence on the electrons.
To obtain meaningful results, one must recognize that l(sa) (S-,)I ((l(S-"So)l for fixed R and T T~', so a more correct procedure is to calculate the conductivity as a power expansion in the magnetization while avoiding decoupling of spin correlation functions. With this guide, a Boltzmann equation can be derived for the charge current in which the leading temperature dependence is clearly due to short-distance correlations. The deviation proceeds along the general lines established by Baym and Kadanoff but will be given elsewhere' in detail as it is rather lengthy.
II. NUMERICAL RESULTS
The above results show that the electric resistivity reflects the temperature dependence of the internal energy so that we can now turn, with some confidence, to our second major objective, which is a quantitative comparison of renormalization-group R(T) =Co+Ctt+Ae(t)t' (1+Ft ') +A'e( -i) ( -i) '-. , (2') and fits were made over a variety of temperature intervals and for a range of values of AI. Based on the usual statistical criteria and the requirement that plots of the fitted versus experimental R ( T) should have minimal systematic structure, the best fits were obtained for the interval 176 & T & 184.5 K. In these fits, the crossover-correction exponent 4~was held fixed at A~= 0.55. We have not been able to find a simultaneous fit of all parameters in R ( T); this problem is numerically ill conditioned and would require more accurate data to be soluble. The value AI =0.55 is the RG result for the correction for scal-(RG) predictions for critical exponents and amplitude ratios for the internal energy (or, equivalently, the specific heat) with results of detailed nonhnear leastsquares analysis of published resistivity data' for caxis Dy. The results are as follows. The data near T~are well described by the short-distance expansion, provided we include a colrection to scaling '; amplitude ratios and the leading critical exponent are determined and found to be in good agreement with theory. In particular, the value of o. is consistent with that calculated by methods and supports the view that Dy is to be described by a spin model with n =4 degrees of freedom. The asymptotic short-distance expansion (SDE) is shown to break down a few degrees above T~, and the temperature range for T -T& )4 K is found to be consistently described by long-range spin correlations. The amplitude ratio for the leading singular terms in this regime is also found to be in good agreement with that numerically computed from hcp lattice sums.
To examine data near TN, consider fitting the measured resistance data in the range 176 & T & 182.5 K to the short-distance-expansion form
where e( t) = 1 (0) The generalization of Eq. (4) when q is not constrained to be zero is easily determined from Eq. (1) but it is difficult to obtain accurate independent estimates of all parameters. As an alternative, we constrained TN ' " We emphasize, as discussed further below, our objective is to determine whether experimental data for Dy favors n = 4 degrees of freedom of the order parameter and our basic premise is that the specific-heat exponent, in particular, is much more sensitive to n for n = 3 or 4 than it is to perturbations due to anisotropic interactions.
Of course, this need not apply to amplitude ratios or to the magnitude of the ex- 
